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WIND-TUNML   INVESTIGATION    CF   ROTOiDED  HORNS   AND   OF   GUARDS 

ON  A  HORIZONTAL   TAIL   SURFACE 

By  Robert    B.    Liddell   and   Vernard  E .,   Loclcwood 

SUSiMARY 


An  investigation  was  made  to  determine  the  aero- 
dynamic effects  of  horn  balances  with  various  plan  forms 
and  of  guards  on  a  horizontal  tail  s-'orf ace  .   The  results 
indicate  that  roimding  the  adjacent  horn  and  stabilizer 
edges  caused  negligible  changes  in  the  aerodynamic  charac- 
teristicSj  except  for  the  changes  resulting  from  the 
decrease  in  the  area  moment  of  the  horn.   The  use  of 
guards  mo'onted  between  the  stabilizer  and  horn  was  found 
to  increase  the  slope  of  the  lift  curves  with  angle  of 
attaclc  cr  with  elevator  deflection.   The  negative  slopes 
of  the  curves  of  hinge  moment  against  angle  of  attack 
and  elevator  deflection  increased  as  the  guard  area  was 
increased. 


INTRODUCTION 


An  investigation  was  made  in  the  LMAL  7-  by  lO-foot 
tunnel  of  the  0.5-3cale  model  of  the  left  horizontal  tail 
surface  of  the  Grumman  TEF-1  airplane  vi?ith  various  horn 
and  stabilizer  modifications.   The  purpose  of  the 
investigation  was  to  determine  the  aerodynamic  eflects 
of  changing  the  plan  forms  of  the  horn  balance  and  the 
adjacent  fixed  surface.   Test  results  are  included  to 
show  the  aerodjmaniic  effects  of  various  guard  arrange- 
ments that  might  be  used  on  a  horizontal  tail  having  a 
horn  balance.   For  convenience,  the  results  presented 
in  the  various  figures  are  listed  in  table  I.   Tuft  tests 
of  the  outboard  end  of  the  model  were  made  to  determine 
the  air-flo¥;  characteristics  of  four  horn  and  stabilizer 
modifications . 

Inasmuch  as  this  Investigation  was  general,  the 
model  was  tested  at  higher  angles  of  attack  and  with 
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elevator  deflection?  much  greater  than  would  have  been 
feasible  for  the  actval  T3F-1  airplane. 


3IKB0LS 

C^  lift    coe.^ficient      (L/qS) 

C-Q  drag   coefficient      (D/'qS) 

Ciji  pltching-i^iorisnt   coefficient   about  mounting  axis 

(:i/q3c) 

Gj^  elevator  hing3-rnoir:3nt   coefficient   about  hinse 

®  axis      (Ile/q^ece-) 

L  tv/ioe    the    lift   of  the    senispan  nodal 

D  twice    the   drag  of  the    semispan  raodel 

M  tv/ice    the    pitching  mordent   of   the    semispan  nodel 

E  elevator  nior.ent   about  hinge   axis,    foot   poiuids ; 

positive  when  it   tends   to  depress   elevator 
trailing  edge 

q  dynamic   pressure 

S  total  I'.orizcntal-tail   area 

b  span  of  horizontal  tail 

bg  span  of  left  elevator 

c  mean  chord  of  the  horizontal  tail  surface 

"c^  root-mean-sQuare   chord  of  the   elevator 

Sy.  total  gt-'.ard  area  (two  guards) 


a     angle  of  attack  of  the  model 

5g    elevator  deflection  relative  to  the  stabilizer, 
positive  when  trailing  edge  is  deflected 
dov/nward 


NACA   ARR   ITo.    ri^Jlo 


'I'C 


a 


^^^ 


^        V^^^yCr,   =    0 


L 


All  slope  values  quoted  are  for  srall  values  of 
angle  of  attack  and  flap  deflect3.cn. 


]\^ETHOD  AND  APPARATUS 


A  semispan  model  was  moi:nted  vertically  in  the 
LT.'AL  7-  ^7   10-foot  t-'iiinel  (reference  1)  with  the  ln"board 
end  adiacent  to  the  tunnel  floor,  which  thereby  acted  as 
a  reflection  plane.   The  model  v/as  supported  entirely  by 
the  balance  frame  with  a  small  clearance  at  the  t-unnel 
floor  in  order  that  all  the  forces  and  moments  acting  on 
the  model  could  be  measured.   Tlie  flow  over  the  m.odel 
simulated  the  flow  over  a  complete  horizontal  tail 
consisting  of  the  left  semispan  of  the  model  joined  to 
its  reflection  and  mounted  in  a  10-  by  l[j.-foot  tunnel. 
In  order  to  -nresent  results  for  the  full-span  horizontal 
tail,  the  measured  values  taken  for  the  tests  were 
multiplied  by  2.   The  test  setup  is  shov/n  schematically 
in  figiire  1. 

Provisions  were  made  for  changing  the  angle  of 
attack  and  the  deflection  of  the  elevator  of  the  model 
while  the  tunnel  was  in  operationc   The  elevator  hinge 
moments  were  measured  by  means  of  an  electrical  strain 
gage  mounted  within  the  elevator. 

The  Oo5-scale  model  of  the  left  horizontal  tail 
surface  for  the  TBF-1  airplane  was  furnished  by  the 
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GrtiTj-aan  Al:^cra-ft  Corporation  and  conformed  to  the 
dimensions  ehov/n  in  Tigure  2,   Tlie  inodel  reprasonted 
that  part  of   the  airplane  shown  crosshatched  in  figure  5. 
T'ne  geomet-.'ic  characteristics  of  the  model  are  given  in 
the  following  tahle  : 

Horizontal  tail  area^,  original  configuration  HiS]  , 

S/2  J  square  fee  t  .  ,  .  , 15  . 6  9 

Horizontal  tail  span,  h/Z,  feet 5 .20 

Elevator  area  aft  of  hinge  line,  square  fsot  5-93 

EJlevator  root-mean-square  cliord,  Cq,  feet  1.26o 

Elevator  inovement,  d3gree3  ..„..  =  .„... t^C 

Guard  area,   S_/2 

Guard  1,  square  feet  .....  ,,..,...  , ^•'^^l 

Guard  2  (fg  -  C) ,  square  fast  ,  .  .  . 0.1j.o5 

Guard  p,    square  feet  ,......,......, 0.822 

Guard  4,  square  feot  ...  .....,...„, -!••  575 

The  modifications  n;.ade  on  the  model  dui-ing  the  tests 
consisted  primarily  of  a  syGte:.natic  change  in  the  gap 
between  the  horn  and  .'^tahlll£"er  i^ear  the  leading  edge. 
This  modification  was  mrda  hj   providing  the  model  with 
interchangeable  horn-  and  stabilizer -tip  blocks  of 
various  shapes.   Figux'es  l\.   and  5  shov/  these  modifications 
to  the  modol  and  Indicate  the  method  adopted  for  the 
designation  of  the  various  horn  and  stabilizer  shapes. 
For  comparative  purposes,  tests  v;ere  also  iaade  of  the 
model  v;ithout  a  iiorn  and  with  a  full-span  stabilizer  (EoSq). 

Pour  different  guards  v;ere  also  tested  v;ith  the 
original  horn  configuration.   The  dimensions  of  each 
giiard  are  given  in  figure  6  and  photographs  of  the  guard 
arrangements  are  presented  as  figure  "J. 

For  most  tests,  ti'.e  dynamic  pressure  wus  maintained 
at  16.37  pounds  ner  square  foot.   At  some  high  positive 
angles  of  attack  and  positive  elevator  deflections, 
values  of  drag  and  hinge  mojaent  too  large  for  the 
indicating  apparatus  necessitated  a  reduction  of  the 
tunnel  dynai.iic  pressure  to  12,55  pounds  per  square  foot. 
These  two  dynamic  pressures  correspOiid  to  velocities, 
under  standard  sea-levol  conditions,  of  &0  and  7^  miles 
per  houj:'  and  to  test  Reynolds  n^oiiibers  of  1,97^^*^'^*^ 
and  1,720,000,  respectively.   The  Reynolds  numbers  are 
based  on  a  model  chord  of  2.65- feet,   (Effective 
Rejmolds  number  "-  Test  Reynolds  number  x  Turbulence 
factor.   The  turbulence  factor  for  the  LMAL  7-  by  10-foot 
tioriiie  1  Is  1,6.) 
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CORRECTIONS 


The  resiilts  have  been  corrected  for  the  effects  of 
the  jet  bo-undaries.   The  corrections  which  wei'e  applied 
to  the  angle  of  attack  t.nd  the  lift,  drar;,  pitchln^;- 
monent,  and  hinge-iao^ient  coefficients  v/ere : 


Aa  -  l.;4.8  X 


'L 


2 


iOr  =  -O.Olo  X  0-r 
ACt),  =  0.00255  X  Ct 

tCm  -   0.0069  X  Or, 
ACh^  -  O.OOlj.6  X  Ct, 

Ko  Gcrrections  have  been  made  for  the  effects  of 
the  gap  between  the  root  section  and  the  floor  or  for 
leahago  around  the  cr.pport  strut, 

RESULTS  AFD  DISCUSSION 


Horn  and  stabilJ.ser  inodif .Lcations . -  The  aerodynamic 
characTeristfcZj  of  i;he  horizoutTTl'  JalT  are  presented  as  a 
function  of  ani^le  of  attack  for  tv/o  elevator  deflections 
in  figure  8  and  as  a  frn.ction  of  elevator  deflection  for 
two  angles  of  attack  in  flg'ujr'e  9'   Little  if  any  signifi- 
cant change  in  the  lift  produced  is  noted  for  the  vai'ious 
rrcdlfications,  e"j:cept  for  the  tc^.3.1  surface  without  a 
horn   (Eooo). 

Ihs  area  of  the  hern  decreased  with  the  successive 
horn  modifications  and  cauned  a  proportionate  docroase 
in  balancing  moment.   Thus,  rounding  the  liorn  increased 
slightly  the  negative  slopes  of  the  hinge -moment- 
coefficient  curves,  as  is  shown  in  figures  3  and  9» 
I\o  improvement  in  the  hinge-momer.t  ohpraoooris  bics  is 
apparent  for  a  ro-unded  horn. 

Complete  data  are  presented  in  figures  10,  11, 
and  12  for  the  model  v;lthout  a  horn  HqS^,   for  the 

original  configuration  H]_S]_,   and  for  modification  H3S2, 

respectively.   The  slope  of  the  lift  curve  for  the  original 
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model   HiS]_   equals  O.OS^'   T'^  general,  little  gain  in 
lift  maY  be  obtained  by  ceflectin'2;  the  elevator  more 
than  20°  or  by  Increasing  the  angle  of  attack  above  16  , 
except  for  attitudes  of  the  model  in  which  the  elevator 
d3f]ecticn  and  angi'.e  ox"  attack  are  of  opposite  sign. 

The  hinge-moment  paran:eters  are  plotted  in  figure  15 
against  the  ratio  of  the  area  iroineut  of  the  hern  :o  the 
area  moment  of  the  elevator.   From  this  figure,  the 
contribution  cf  the  horn  to  Ch^,   and  Chg^  may  be 

do 'ceriTiiued,   The  values  of  '^Ghn      ^^'^  ^'^h5    obtained 

are  in  good  agrseinent  v/ith  the  values  given  in  reference  2. 

Bf f e c 1 3  of  guard s  . -•  The  aerodynamic  effects 
of  mounting  vp.rioac  guards  on  the  original  model  PhSi 
are  shovm  in  figures  I'l  and  I5 .   The  guards  act  as  end 
plates  on  the  airfoil  and  cause  a  sraall  increase  in  CLfj 

and  Clp    as  the  guard  area  is  increa3ed  (fig.  I6 ) . 

The  lift  paramet■^J^s  inoroase  in  constant  pror)ortion  to 
each  other"  iho  effectiveness   ag,,   of  the  eleva'jor  is 

therefore  Sxijwn  to  be  constant  with  increasing  guard 
area. 

Inasmuch  as   C^   and  0]ig    Incr^oase  negatively  v/lth 

an  Incroase  in  guard  area  (fig,  lo)^  the  horn  area  v/ould 

have  to  be  increased  proportionately  with  the  IncL'-ease  in 

guard  area  if  the  hinge -Koment  parameters  are  to  be  kept 

constant.   Since   C>,    is  nositivo.  the  hinge-moment 

-  a 

parameters  m%\r   be  expected  to  become  more  positive,  as, 

did  the  lift  paraiueters  with  inci'ease  in  guar'd  area. 

The  opposite  is  apparently  brue  if  a  horn  is  employed 

to  obtain  most  of  the  control-surface  balance.   This 

result  might  be  explainod  in  the  follov/ing  manner:   The 

airfoil  raay  be  considered  as  divided  into  two  parts  by 

the  solid  guard.   The  portion  of  che  airfoil  inboard  of 

the  guard  has  very  litblc  balance  area  and,  therefore, 

Ci-,    and  C'lR        a.re  negative  and  wovild  become  increasingly 

negative  with  an  increase  of  guard  area.   Values  of 
^Lrr  ^^'^     ^Ls   a-lso  would  become  increasingly  positive 
as  the  guard  increased  the  aspect  ratio.   The  portion 
of  the  airfoil  outboard  of  the  guard,  however,  decreases 
in  aspect  ratio  with  the  addition  of  guard  area.   This 
decrease  would  cause  the  positive  hinge -m.oxnent  parameters 
for  this  portion  of  the  airfoil  to  have  little  Influence 
in  the  determination  of  the  over-all  parameter  values. 
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By  the  use  of  figures  13  and  16  it  v/ould  be  possible 
to  find  the  additional  area  moment  of  the  horn  required 
for  any  size  of  guard,  that  v^rould  be  used.   These  curves 
would  be  valid,  however,  only  for  guards  jncunted  at  the 
spaawise  station  tested.   A  solid  g^^iard  at  any  other 
spanv;ise  location  would  affect  the  lift  and  hinge -noraent 
parameters  differently'-. 

Tuft  studies.-  The  results  of  tuft  studies  made  on 
the  upper  surface  of  the  mcdel  for  a  series  of  angles  of 
attack  at  various  elevator  deflections  are  presented  in 
figures  I7  to  20.   Tliese  studies  were  made  of  the  out- 
board end  of  the  horizontal  tail  for  four  horn  and 
stabilizer  modifications  and  are  believed  to  be  the  fjrst 
detailed  tuft  studies  made  of  flew  conditions  aroimd  an 
imshieided  horn. 

The  photographs  show  that,  at  negative  elevator 
deflections,  little  difference  e::lst3  in  air  flow  over 
the  top  surface  of  the  model  for  the  various  horn  and 
stabilizer  modifications  tested.   At  positive  elevator 
deflections,  hov/over,  the  effect  of  the  horn  on   the  air- 
flow characteristics  is  not  localized  but  affects  the 
alr-flov/  pattern  over  much  of  the  sujpface  shov.n.   Separa- 
tion occurs   on  all  of  the  elevators  surveyed  wlien  the 
elevator  angle  and  angle  of  attack  are  3^.   (For 
example,  see  fig,  18(e).)   On  the  other  hand,  for  the 
model  without  a  horn  at  the  same  attitude  a  sm.ooth  flow 
over  the  elevator  is  Indicated  {fig.  17(0)).   The 
distux'bing  effect  of  the  air  flov;  through  the  horn- 
stabilizer  gap  and  the  hinge  cut-out  gap  is  evident 
from,  figures  iS  to  20.   Ro^onding  off  the  stabilizer  H1S2 
produces  a  slight  im.provem.ent  In  flov;  conditions. 


CONCLUSIONS 


The  results  of  an  Investigation  to  determine  the 
aerodynam.ic  effects  of  varying  the  shape  of  horn  balances 
on  horizontal  tall  surfaces  indicate  that: 

1.  RO'jnding  the  adjacent  horn  and  stabilizer  edges 
had  a  negligible  effect  on  the  aerodynamic  characteristics 
of   the  tail  surface  except  for  that  caused  by  the  decrease 
in  horn  area  moment. 
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2,  A  solid  horn  ;3uard  rnomited  at  the  end  of  the 
stabilizer  increased  the  rate  o.f  change  of  lift  with 
angle  of  attack  and  with  elevator  deflection.   The  rate 
of  change  of  hinge  mor.ient  with  angle  of  attack  axid  with 
elevator  deflection  increased  negatively  as  the  guard 
area  va.s   increased. 


Langlej  Meraorial  Aeronautical  Laocratory 

National  Advisory  CoTHuitteo  for  Aeronautics 
Langley  Field,  Va. 
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Fig.    1 
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r/gurc  I  .-  Schematic  diagror??  of  le5t  installot/on. 


Fig.    2 
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ryP/CAL  3ECT/ON 

Figure  2~  The  O.S-sca/e  mode/  of  TBF-/  /eft 
hor/zontol  fa//  surface.  A//  d/n7^r?s/or)s  are 
Jn   /y)c/?<ps. 
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Fig.    3 


NMIONM  ADVISORY 
COMMITUt  FOR  AERONAUTICS 


Figure  3  .-  P/on  form  of  the  Grumman    TBF-/ 
oirp/ane- 


Fig.    4 


NACA    ARR    No.     L4J16 


Section  A'A 

NAIIUNAL  AOVISURY 
COMMITTtE  FOR  AERONAUTICS 


/~c//    sppn      sfabil iz&r 
\A/ifh    no    horn 


rigure  ^,  -  Detpils    ot  horn  and    •stabilizer    modif/caHons 
tested  on    the    OS- scale    mode/    TBf-/    leff- 
horlzonta/    tail  surface  C^,S,  Original   horn 
and  3fct/^illzer). 
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Fig.  5a 


(a 


^0^0' 


Figure  5.-  Photographs  of  0.5-scale  semispan  model  of 
horizontal  tail  surface  of  TBF-1  airplane  showing  con- 
figurations tested. 
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Fig.    5b 
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(b)    H^Sj^. 
Figure    5.-    Continued 
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Fig.    5c 


(c)    HgS^. 


Figure    5.-    Continued 
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Fig.  5d 


(d)  H4S1. 
Figure  5.-  Continued. 
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Fig.    5e 


(e)    H^Sg. 
Figure    5.-    Continued. 
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Fig.  5f 


(f)  H2S2. 
Figure  5.-  Continued. 
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(g)  HjSg. 
Figure  5.-  Continued 
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Fig.  5h 


Figure  5.-  Concluded 
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Fig.    6a, b 
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Sec  f ion  A- A 


fa)  6uarcf  /  ;  //S'  -/r?c/)  ste^/  ;  ^udM 
a/f-djc/iecf  to  sU/^/'/fzer. 
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(h)  Gaard  ^ }  ///6  ''//76h  sfee/}  a/pe  p/ate 
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Figure  17.-  Tuft  study  over  upper  surface  of  0.5-scale  model 
of  TBF-1  left  horizontal  tail  surface.   Modification  NqS^; 
q  =  16.37  pounds  per  square  foot  except  for  tests  with 
asterisk  in  which  q  =  12.53  pounds  per  square  foot. 
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Figure    17.-    Continued. 
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Figure  18.-  Tuft  study  over  upper  surface  of  0.5-scale  model 

of  TBF-1  left  horizontal  tail  surface.  Original  surface 

H]_S,;   q  =  16.37  pounds  per  square  foot  except  for  tests 

with  asterisk  in  which  q  =  12.53  pounds  per  square  foot. 
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Figure  18.-  Continued 
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Figure    18.-    Continued 
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Figure  19.-  Tuft  study  over  upper  surface  of  0.5-scale  model 
of  TBF-1  left  horizontal  tail  surface.   Modification  H-|^S2; 
q  =  16.37  pounds  per  square  foot  except  for  tests  with 
asterisk  in  which  q  =  12.53  pounds  per  square  foot. 
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Figure  19.-  Concluded. 
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Figure  20.-  Tuft  study  over  upper  surface  of  0.5-scale  model 
of^TBF-1  left  horizontal  tail  surface.   Modification  HjSg; 
q  =  16.37  pounds  per   square  foot  except  for  tests  with 
asterisk  in  which  q  =  12.53  pounds  per  square  foot. 
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Figure   20.-    Concluded. 
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